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INTERNAL VOLTAGE GENERATOR WITH TEMPERATURE CONTROL 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present invention is related to the commonly owned, co-pending U.S. 
patent application entitled "Back-Bias Voltage Generator With Temperature Control," 
filed herewith (Attorney Docket No. 2003P52878US). 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention generally relates to integrated circuit devices that 
generate voltages internally and, more particularly, to memory devices that rely on a 
variety of internally generated voltages that may be varied with temperature to 
improve their performance. 

Description of the Related Art 

[0003] In recent years, the demands for low-power and low-voltage memory have 
increased tremendously as portable and handheld devices, such as personal digital 
assistants (PDAs), cellular phones, and notebook computers have become 
increasingly popular. Simply put, the less power these devices consume, the longer 
they may operate off of their batteries and/or the size and weight of their batteries 
may be reduced, enhancing portability in either case. 

[0004] One of the more popular types of memory used in these devices, due to 
the available density, speed, and relatively low cost, is dynamic random access 
memory (DRAM). DRAM devices are referred to as dynamic (as opposed to static) 
because their memory cells must be refreshed periodically (within a given retention 
time) in order to maintain data stored therein. Typically, a DRAM device can be 
placed in a self-refresh mode, whereby the DRAM devices generates signals 
internally (i.e., self-refresh signals) to refresh each row of memory cells. DRAM 
devices are typically put into a self-refresh mode when a system is placed in a 
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standby or low power mode, which may be entered quite aggressively in order to 
conserver power in portable devices. 

[0005] As a result, one of the main contributing factors to power consumption in 
DRAM devices is self-refresh current generated during standby modes. 
Accordingly, reducing self-refresh current is one of the most important challenges in 
low-power and low-voltage DRAM design (or any other types of memory that require 
refresh, such as PSRAM). The self-refresh current consists of current consumed by 
switching transistors in memory cell arrays and peripheral circuitry, as well as DC 
current. The DC current is typically caused by the flow of current through a 
transistor while in the off state (i.e., the switching voltage of the transistor V G s is 
below the threshold voltage V T h), generally referred to as subthreshold leakage 
current. In the past, the DC current contribution was generally small and array 
current was the larger factor in the self-refresh current. However, as memory 
density increases, the number of transistors increases accordingly, such that DC 
current due to subthreshold leakage current increases drastically. Thus, to produce 
a low power memory device, reducing subthreshold leakage current is highly 
desirable. 

[0006] Subthreshold leakage current depends on channel width and length, 
threshold voltage, gate-source voltage, and drain-source voltage of the transistors. 
Since the subthreshold voltage is a function of drain-source voltage, transistors 
using a boosted wordline voltage, commonly referred to as Vpp, consume more 
subthreshold leakage current. V PP is mainly used in row decoder circuits and is 
applied to the cell gate (via a wordline) to store high logic data. In order to 
compensate for the voltage drop of V T h across the cell switching transistor and 
ensure a full bit line high logic voltage level V B lh is transferred to the cell, V PP is 
typically set to a level one cell threshold voltage V T h above V B lh- 

[0007] As V PP is outside the typical supply voltage range, memory devices 
typically include a voltage generator, including a charge pump, to generate V PP . 
FIG. 1 illustrates an exemplary conventional V PP generator 100. In addition to a 
charge pump 102, the V PP generator 100 also includes a V PP detector 104, a V PP 
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reference 106, a comparator 108, and a V PP oscillator 110. Generally speaking, the 
reference 106 sets the desired V PP level while detector 104 is configured to detect a 
minimum V PP level. As illustrated, both the detector 104 and reference 106 may be 
configured as simple voltage dividers using resistors R1-R4, chosen such that the 
output of the detector 104 matches the output of the reference 106 at the minimum 
V PP level. Accordingly, outputs from the reference and detector may be input to the 
comparator 108 such that, when the detected V PP level drops below the minimum 
V PP level set by the reference, the output of comparator 108 enables the V PP 
oscillator 110 which drives the pump 102 to restore the original target voltage level. 

[0008] Utilizing this conventional V PP generator 100, V PP stays at substantially the 
same voltage level over a wide operating temperature range. As previously 
described, the target V PP level is typically chosen to be higher than the high bit line 
logic level (V B lh) by the cell threshold voltage V T h, which is highest at low 
temperatures. Accordingly, the target V PP level is typically set high enough to 
accommodate this worst case (maximum) cell threshold voltage. Unfortunately, this 
results in an unnecessarily high V PP level and increased subthreshold leakage 
current when the cell transistor threshold voltage is lower at higher temperatures. 

[0009] Accordingly, there is a need for techniques and apparatus for improving 
device performance (e.g., reducing subthreshold leakage current or improving 
refresh times) in a memory device, preferably by varying one or more internally 
generated voltage levels based on the device temperature. 

SUMMARY OF THE INVENTION 

[0010] The present invention generally provides methods and apparatus for 
varying one or more internally generated voltages of a memory device based on the 
temperature of the memory device. 

[0011] One embodiment provides a method of generating one or more voltages 
internally by a memory device. The method generally includes obtaining 
temperature information indicative of the temperature of the memory device and 
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varying a level of one or more internally generated voltages based on the 
temperature information. 

[0012] Another embodiment provides a method of reducing subthreshold current 
in memory cells of a memory device. The method generally includes generating, 
from a supply voltage, a boosted voltage greater than the supply voltage to be 
applied to a wordline of one or more of the memory cells during a memory cell 
access and varying the level of the boosted voltage based on temperature 
information indicative of a temperature of the memory device. 

[0013] Another embodiment provides a memory device generally including 
peripheral circuitry, a plurality of memory cells, means for supplying temperature 
information indicative of a temperature of the memory device, and one or more 
voltage generators. The one or more voltage generators are generally configured to 
vary a level of a generated output voltage supplied to at least one of the peripheral 
circuitry and the memory cells, based on the temperature information. 

[0014] Another embodiment provides a memory device generally including 
peripheral circuitry, a plurality of memory cells, means for supplying temperature 
information indicative of a temperature of the memory device, and a voltage 
generator. The voltage generator is generally configured to generate, from a supply 
voltage, a boosted voltage greater than the supply voltage and vary the level of the 
boosted voltage based on the temperature information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] So that the manner in which the above recited features, advantages and 
objects of the present invention are attained and can be understood in detail, a more 
particular description of the invention, briefly summarized above, may be had by 
reference to the embodiments thereof which are illustrated in the appended 



drawings. 
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[0016] It is to be noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally effective embodiments. 

[0017] FIG. 1 illustrates an exemplary prior art voltage generator. 

[0018] FIG. 2 illustrates an exemplary memory device with a temperature 
controlled voltage generator in accordance with one embodiment of the present 



[0019] FIG. 3 illustrates an exemplary temperature controlled voltage generator 
in accordance with one embodiment of the present invention. 

[0020] FIGs. 4A and 4B illustrate an exemplary voltage detector and voltage 
reference in accordance with one embodiment of the present invention. 

[0021] FIG. 5 illustrates an exemplary temperature controlled voltage generator 
responsive to a digital thermometer in accordance with one embodiment of the 
present invention. 

[0022] FIG. 6 illustrates an exemplary digital thermometer in accordance with one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] The present invention provides methods and apparatus for varying one or 
more voltages generated on a memory device based on device temperature. 
Device temperature may be measured directly, for example, via an on-board 
temperature sensor or may be provided as bits in a mode register containing 
externally supplied temperature information. In any case, in contrast to the prior art, 
internally generated voltages may be varied with temperature, thus improving device 
performance. As an example, the level of an internally generated boosted wordline 
voltage (V PP ) may be reduced with rising device temperature to reduce subthreshold 
leakage current. As another example, the level of an internally generated back bias 
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voltage (V B b) may be lowered with rising device temperature to increase cell 
threshold voltage and improve refresh time. 

[0024] Memory devices, such as DRAMs, as well as other type devices, utilize a 
wide variety of internally generated voltages. One skilled in the art will recognize 
that the techniques described herein may be used to vary any of these internally 
generated voltages based on temperature in order to achieve a variety of different 
results. While any number of different generated voltage signals may be varied with 
temperature using the techniques described herein, to achieve various types of 
results, to facilitate understanding, certain embodiments will be described below with 
reference to varying V PP to reduce subthreshold leakage current as a particular 
and/or varying V B b to improve refresh time as specific, but not limiting, application 
examples. 

AN EXEMPLARY MEMORY DEVICE 

[0025] FIG. 2 illustrates an exemplary DRAM device 200 having temperature 
controlled voltage generation circuits 210 and a plurality of memory cell arrays 220, 
in accordance with one embodiment of the present invention. The voltage 
generation circuits 210 may include various voltage generators for supplying 
voltages to peripheral circuitry of the DRAM device (e.g., self-refresh circuitry, bit- 
line sensing circuitry, and the like) and to the memory cells. 

[0026] As illustrated, the voltage generation circuits 210 may include a generator 
230 for generating a boosted wordline voltage (V PP ) to be applied to a wordline of a 
memory cell 222 during a memory cell access. As previously described, V PP may be 
set to a threshold voltage (V T h) above a bit line logic high level (V B lh) and may be 
applied to the gate of a switching transistor 224 via a wordline (WL), to write or read 
logic high data to or from a storage capacitor 226 of the memory cell 222. 

[0027] In contrast to voltage generators of conventional DRAM devices which 

generate a substantially constant voltage over a wide range of temperatures, voltage 

generators in accordance with the present invention may vary the level of the 

voltage they generate based on temperature. For example, the V PP generator 230 
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may be configured to reduce the voltage level of V PP for rising temperatures of the 
device, which may compensate for reducing threshold voltage of the switching 
transistor 224 and reduce threshold leakage current. 

[0028] For some embodiments, the V PP generator 230 may vary the level of V PP 
in response to one or more temperature control signals TD[0:N] indicative of 
temperature, which may be generated by various means. For example, as will be 
described in greater detail below, TD[0:N] may be generated based on externally 
supplied temperature information stored as bits in a mode register or by an internal 
temperature sensor (not shown). Of course, for different embodiments, the exact 
format of the temperature control signals may vary (e.g. a different number of bits, 
different combinations of bits represent different ranges, etc.). 

[0029] For one embodiment, each one of the temperature control signals TD[0:N] 
may correspond to a distinct temperature range, with only one signal driven high at 
any given time. In other words, a different voltage level for V PP to be selected by 
driving a different one of the signals high when the device temperature is in the 
corresponding range. TABLE I below illustrates a set of exemplary temperature 
ranges that may 



TABLE I: Exemplary Temperature Ranges 



TD 


Temperature Range 


0 


T> 75C 


1 


75C > T > 50 


2 


50C > T > 25 


3 


T<25 



be represented by four temperature control signals TD[0:3]. Of course, the 
temperature ranges shown in Table I are illustrative only, and any number of 
temperature ranges may be used, depending on the application. 

AN EXEMPLARY TEMPERATURE CONTROLLED V PP GENERATOR 
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[0030] FIG. 3 illustrates one embodiment of the V PP voltage generator 230, that 
generates different voltage levels, based on the temperature control signals TD[0:3]. 
As illustrated, the temperature control signals TD[0:3] may be generated from two 
bits of temperature information T[0:1] stored in a mode register 320 input to a 
decoder 322 that enables (e.g., pulls high) one of the signals TD[0:3], in response to 
the values of T[0:1]. For some embodiments, the temperature information T[0:1] 
may indicate device temperature as indicated by an external temperature sensor. 

[0031] v For example, many portable devices utilize a temperature sensor coupled 
with a processor or chip set. Temperature measured by this sensor may be utilized 
in a number of different ways. For example, some low power memory devices, such 
as Infineon's Mobile RAM memory devices, incorporate a temperature compensated 
self-refresh (TCSR) based on device temperature, as indicated by a mode register 
written to by a memory controller or processor. TCSR adjusts the refresh rate of the 
memory device to the temperature of the device. In general, the lower the 
temperature of the device, the higher the cell threshold voltage, thus allowing lower 
refresh rates and corresponding power savings. For some embodiments of the 
present invention, the temperature information used to vary generated voltages may 
also be obtained from these mode registers. As will be described below, with 
reference to FIGs. 5 and 6, for other embodiments, temperature information may be 
provided by an internal temperature sensor (i.e., located on-chip). 

[0032] In any case, as with conventional voltage generators, the voltage 
generator 230, may include a charge pump 302, a V PP detector 304, a V PP reference 
306, a comparator 308, and a V PP oscillator 310. Generally speaking, the reference 
306 sets the desired V PP level while detector 304 is configured to detect a minimum 
V PP level. Outputs from the detector 304 and reference 306 may be input to the 
comparator 308 such that, when the detected V PP level drops below the minimum 
V PP level set by the reference 306, the output of comparator 308 enables the V PP 
oscillator 310 which drives the pump 302 to restore the original target voltage level. 

[0033] Accordingly, as illustrated, the generated level of V PP may be varied by 
varying the output of the detector 304, the reference 306, or both, based on the 
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temperature control signals TD[0:3]. For example, reducing the output of the 
reference 306 would cause the output of the comparator 308 to switch at a lower 
detected V PP voltage level, causing the V PP oscillator 310 to drive the V PP pump 302 
for a shorter period of time, reducing the level of V PP . Further, the V PP detector 304 
may be configured to output a higher voltage level to the comparator 308 for a given 
detected V PP , also modifying the switching point of the comparator 308 to similar 
effect. 

[0034] FIGs. 4A and 4B illustrate exemplary embodiments of a V PP detector 304 
and V PP reference 306, respectively, which may be utilized (separately or in 
combination) in a V PP voltage generator 230 to vary its output with temperature. Of 
course, the illustrated circuitry is exemplary only, and those skilled in the art will 
recognize that various other circuit configurations may also be utilized to generate 
varying levels of V PP based on temperature to achieve the benefits described herein. 
Those skilled in the art will also recognize that many different types of detector and 
re f erence circuitry may be utilized and that the exact circuitry used to vary the output 
level of either based on temperature may vary according to the exact type of circuitry 
utilized. 

[0035] As illustrated, the temperature controls signals TD[0:3] may be utilized in 
both devices to control a set of switches S0-S3 and S4-S7. The switches may 
operate to vary the level of each respective output voltage by selectively shunting 
across one or more resistors in a corresponding voltage divider network (e.g., R1 1- 
R1 6 for the detector 304 and R21 -R26 for the reference 306). In other words, 
shunting across resistors above the output nodes (e.g., R12-R13 or R22-R23) 
effectively raises the output voltage levels, while shunting across resistors below the 
output nodes (e.g., R14-R15 or R24-R25) effectively lowers the output voltage levels 
(relative to output voltage levels achieved with all switches open). 

[0036] For example, when a first temperature range is selected (as indicated by 
TD[0:3] = b'1000'), switch SO of the detector 304 may be closed, adjusting the 
illustrated voltage divider circuit by shunting across resistors R12. Assuming the 
first temperature represents the highest range, shunting across the resistor R12 
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would have the desired effect of raising the voltage level output by the detector 304 
(by eliminating the voltage drop across R12), switching off the comparator at a lower 
detected V PP level and disabling the charge pump 302 at a lower V PP level. The 
value of R13 may be chosen to be lower than R12, such that when a second 
temperature range is selected (as indicated by TD[0:3] = b'0100'), the switch S1 is 
closed, resulting in a slightly lower voltage level output by the detector 304 than for 
the first temperature range. Similarly, resistors R14 and R15 may be chosen to 
achieve incrementally lower output voltages when switches S2 and S3 are closed (in 
response to TD[0:3] = b'0010' and b'0001' respectively), resulting in correspondingly 
higher V PP levels at lower temperatures. 

[0037] Those skilled in the art will recognize that, for some embodiments, desired 
variations in V PP may be obtained by varying the voltage output of only the V PP 
detector 304, only the V PP reference 306, or both. If the output voltage of both are 
varied, the values of resistors R11-R16 and R21-R26 may be designed to achieve 
complementary changes in each voltage output to achieve the desired overall 
change in V PP . On the other hand, if the output voltage of only the V PP reference 
306 is varied, the switches S4-S7 may be rearranged and the values of resistors 
R21-R26 may be selected to achieve a lower reference voltage for higher 
temperatures, resulting in a corresponding higher generated voltage level for V PP . 

[0038] In any case, those skilled in the art will recognize that the actual variations 
in voltage levels of V PP may be chosen according to the expected variations in 
voltage levels of cell threshold voltage for each temperature range. For example, 
over an operating range of 0-70°C, cell threshold voltage changes in the range of 
approximately +/- 200mv may be expected. 



[0039] As illustrated in FIG. 5, for some embodiments, temperature control 
signals may be generated based on temperature measurements from an on-chip 
digital thermometer 500 (e.g., rather than from values from an external temperature 
sensor written to a mode register). The digital thermometer 500 may be configured 



AN EXEMPLARY ON-CHIP TEMPERATURE SENSOR 
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to generate temperature control signals TD[0:3], which may be used to vary the 
voltage level of V PP , as described above. Accordingly, operation of the illustrated 
components of the V PP generator 230 described above need not be repeated. 

[0040] The digital thermometer 500 may utilize any suitable circuitry to generate 
temperature control signals indicative of a current device temperature. For example, 
FIG. 6 illustrates one embodiment of a digital thermometer 500 utilizing a 
temperature sensor 520 and an analog to digital (A/D) converter 530. As illustrated, 
the digital thermometer 500 may be supplied with a reference voltage V RE f by a 
bandgap reference 510. The bandgap reference 510 is generally designed to 
ensure V RE f is independent of voltage and temperature process variations. 

[0041] As illustrated, the temperature sensor 520 may include a temperature 
reference 522 and a diode 524, while the A/D converter 530 may include two 
comparators 532 and 534, and control logic 536. The temperature reference 522 
provides reference voltages to the comparators 532 and 534. The voltage across 
the diode (V D iode) 524 typically decreases at a known rate (e.g., approximately 2mV 
per 1°C), and in a very linear. Once a diode with a given technology is chosen, the 
corresponding diode voltages at a wide range of temperatures may be readily 
determined. Thus, the reference voltages provided by the temperature reference 
522 may be set according to the diode voltage at specific temperatures, such as 
each 25°C (e.g., 0°C, 25°C, 50°C, 75°C, and 100°C). As illustrated, these reference 
voltages may be set via a voltage divider network of resistors R60-R65, selected to 
establish nodes set to the diode voltage at each corresponding temperature 
(illustratively denoted TO, T25, T50, T75, and T100). The temperature reference 
522 may also include a trimming circuit 523, for example, allowing for calibration of 
at a known temperature. 

[0042] The control logic 536 may include any suitable circuitry configured to 
control the switching of the various nodes (T0-T100) to the comparators 532 and 
534, in an effort to generate the temperature control signals TD[0:3], for example, to 
indicate device temperature is in a corresponding range. As illustrated, the control 
logic 536 may control switch pairs S0-S3, each with a different one of the control 
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signals control signals TD[0:3], to supply node voltages corresponding to low and 
high temperatures to the positive input of each of the comparators 532 and 534, 
respectively. The negative input of each of the comparators 532 and 534 may be 
coupled to the diode 524. The output of each comparator will indicate whether the 
ambient temperature is below or above the temperature corresponding to the node 
voltage. Thus, by applying different reference voltages to the comparators 532 and 
534, the control logic 536 may determine if the ambient temperature is within a 
certain range by examining the comparator outputs. 

[0043] For example, the control logic 536 may initially determine if the ambient 
temperature is between 75°C and 100°C, by closing SO (SOH and SOL) via TD[0] 
and opening the other switches, coupling node T100 to comparator 534 and node 
T75 to comparator 532. Assuming the ambient temperature is 30°C, the outputs of 
both comparators will be low. The control logic 536 may then close S1 H and S1 L 
(by setting TD[1]) and open the other switches, coupling node T75 to comparator 
534 and node T50 to comparator 532. Again, the outputs of both comparators will 
be low. The control logic 536 may then close S2H and S2L (by setting TD[2]) and 
open the other switches, coupling node T50 to comparator 534 and node T25 to 
comparator 532. At this point, the output of comparator 532 will be high, while the 
output of comparator 534 will be low, correctly indicating the ambient temperature 
(assumed to be 30°C) is in the range of 25°C and 50°C. 

[0044] The generated value of TD[0:3] may then be used by the V PP generator 
230, as described above, to set the level of V PP according to the indicated 
temperature range. The control logic 536 may continue to maintain these values for 
TD[0:3], for example, while continuing to monitor the outputs of the comparators 532 
and 534, to detect a change in the ambient temperature to outside the specified 
range. In response to detecting the ambient temperature is outside the specified 
range, the operations described above may be repeated, for example, changing 
TD[0:3] to test if the ambient temperature falls within the next highest or lowest 
temperature range. Of course, those skilled in the art will recognize that, rather than 
actually changing the temperature control signals TD[0:3] when determining the 
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temperature range, the control logic 536 may actually change intermediate control 
signals that are latched once the current temperature range is determined, thus 
avoiding fluctuations in TD[0:3]. 

EXEMPLARY TEMPERATURE CONTROLLED V BB GENERATOR 

[0045] As previously described, various types of internally generated voltages 
other than V PP may also be varied with temperature to achieve various 
improvements in device performance. As an example, cell refresh time of a DRAM 
is strongly dependent on cell threshold voltage. Since cell threshold voltage is 
heavily dependent on temperature, as described above, cell refresh time is also 
heavily dependent on temperature (e.g., refresh times typically increase at higher 
temperatures, due to lower cell threshold voltages). For some embodiments, in an 
effort to raise cell threshold voltage levels and lower refresh times at higher 
temperatures, one or more internally generated voltages may be varied with 
temperature. 

[0046] For example, as illustrated in FIG. 7, the level of an internally generated 
voltage used to bias the substrates of cell transistors 224 of a memory device 700, 
commonly referred to as back-bias voltage (V BB ), may be varied by a temperature 
controlled V B b generator 240 (which may be used separately or in conjunction with a 
temperature controlled V B b generator 230). Lowering V B b as temperature of the 
device 700 increases may improve (lower) refresh time by increasing cell threshold 
voltage via body effect. V BB is typically negative with respect to a reference ground. 
As such, the V BB generator 240 may include components similar to those of the V PP 
generator 230 described above. 

[0047] For example, as illustrated in FIG. 8, the V BB generator 240 may include a 
charge pump 802, a V BB detector 804, a V BB reference 806, a comparator 808, and a 
V B b oscillator 810 controlled by the output of the comparator 808. Accordingly, the 
level of V B b may be varied by varying either the V BB detector 804, the V BB reference 
806, or both, as a function of temperature control signals TD[0:3]. For example, the 
V BB detector 804 and/or the V B b reference 806 may comprise voltage divider circuits 
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with outputs levels varied by shunting resistors with switches controlled by TD[0:3], 
as described above with reference to FIGs. 4A-B. Of course, the actual variations in 
voltage levels of V B b may be chosen according to the expected variations in voltage 
levels of cell threshold voltage for each temperature range (e.g., +/- 100mv over 0- 
70°C). The temperature control signals TD[0:3] may be generated based on 
temperature information provided as control bits in a mode register of the device 700 
or an internal digital thermometer, as previously described. 

[0048] In addition, or as an alternative, the level of a negative voltage applied to 
de-activated cell wordlines, commonly referred to as negative wordline voltage 
(Vnwl), may also be varied with device temperature, for example, via a temperature- 
controlled Vnwl generator 250. V NW l is typically applied to wordlines via a switching 
transistor 228, in order to ensure cell transistors 224 connected to the wordlines are 
well turned off in the de-activated state, in an effort to reduce leakage current. 
Lowering V N wl as temperature of the device 700 increases may improve refresh 
time by increasing reversed gate-source voltage of wordlines. 

[0049] As with the previously described VPP and VBB generators 230 and 240, 
the Vnwl regulator 250 may also include any suitable type circuitry configured to 
vary Vnwl in response to the temperature control signals TD[0:3], such as a switch- 
controlled voltage divider. It should be understood that, depending on a particular 
embodiment and the desired result, any combination of any type of temperature 
controlled voltage generators may be utilized. 



[0050] The present invention provides methods, systems, and apparatus for 
reducing varying the levels of one or more internally generated voltages, such as 
V P p, V B b, and/or Vnwl, based on externally supplied or internally generated 
temperature information. By varying such internally generated voltages based on 
temperature information, improvements in device performance may be achieved. As 
an example, by decreasing V PP with increasing temperature, subthreshold leakage 
current may be reduced. As another example, by lowering V B b and/or Vnwl with 
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increasing temperature, cell threshold voltage may be increased which may improve 
refresh time. Of course, those skilled in the art will recognize that other 
improvements in device performance may also be achieved by varying these, as 
well as other internally generated voltages, for example, supplied to various 
peripheral circuitry, utilizing the techniques described herein. 

[0051] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 
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